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MU-MIMO beamforming in mmWave

e Good performance
e Large feedback overhead

e Easy to implement and small feedback overhead
e No interference cancellation
SUELE o Advantageous over MU-MIMO

e No existing robust analog beamforming design

/’

e Suppress interference and enhance beamforming

Our goal < gain simultaneously
e Provide robustness
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Challenges and solutions

Tradeoff between interference

and beamforming gain Robust design

Establish Multi-
objective problem

Develop channel
error model

Introduce the
stochastic approach

Find the best weight
assignment
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Clustered channel model
Antenna Arrays
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Channel Error Model
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Problem Formulation

Interference suppression:

e Leakage Probability (restriction)

HyHTy 9
f)leakage — Pr{wz Iz Lw; < /7”&} )

Average beamforming gain:

e Expectation
BGayg = Elw A;Af w] 10)
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Problem formulation

w” = {Elw AjAfwi], Priw/TTuw; < ~;}}
s.t. w; €W,

(11)

Challenge 1 g8 probability restriction

Challenge 2 How to deal with the MOP

Challenge 3 The non-convex constraints
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Dealing with the probabilistic restriction

Using Markov’s inequality to transform the

probabilistic restriction to a deterministic objective

Pr{wﬁif{izwz <} = Pr{’wf(if + EZ)H(E) + Ez)wz <}
Ew! (Il + E)¥(I! + E;)w]

> 1
T,r.(((ip)Hip jzé )VV) M (12)
— (i B W = wawH
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Problem reformulation

(1 Tr((B)E éaW))} it

s.t. Wm — , V1 ]., ,Nt,
t
W > 0;
rank(W) =1 non-convex

constraints

linear
constraints

objective
problem

Y

Weighted-sum method

WSemi-definite relaxing
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e SDP * SDR

Tr((()ITF + C,)W Tr((T)HT + C)W
SDPOW™) = [\ (1_ r(((@) i ) >)+ SDROW) = {3, (1 (@) 7z.+0) ))+
\Tr((A(AD)" + CJW)) MTr((A(AD" +CW))
1 I
st. Wy = N Vi=1,.., N st. W, = N Vi=1,.., N
W > 0; W > 0.

rank(W) =1,

* SDR can be efficiently solved

* Approximation is needed
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Simulation

~

Fully-digital ZF h(A? + E;)

Beam Selection Af; in beam alignment with
mean O and variance o;

Our proposed method AP + E;

Center for Pervasive Communications and Computing 13



Sum-rate(bits/Hz/s)
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Best weight searching

e Strike a balance in
terms of sum-rate
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Performance comparison
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Summery

Developed a channel error model for the scattering
clustered channel model, which can serve as a general
channel error model for mmWave channels

Proposed a robust analog beamforming scheme for
mmWave systems to alleviate the effects of the
channel estimation and feedback quantization errors

The proposed robust analog beamforming scheme
brings about 109% improvement in sum-rate compared
to the conventional beam selection method.
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